We study the weak interaction axial form factors of the octet baryons, within the covariant spectator quark model, focusing on the dependence of four-momentum transfer squared, Q 2 . In our model the axial form factors GA(Q 2 ) (axial-vector form factor) and GP (Q 2 ) (induced pseudoscalar form factor), are calculated based on the constituent quark axial form factors and the octet baryon wave functions. The quark axial current is parametrized by the two constituent quark form factors, the axial-vector form factor g q A (Q 2 ), and the induced pseudoscalar form factor g q P (Q 2 ). The baryon wave functions are composed of a dominant S-state and a P -state mixture for the relative angular momentum of the quarks. First, we study in detail the nucleon case. We assume that the quark axial-vector form factor g q A (Q 2 ) has the same function form as that of the quark electromagnetic isovector form factor. The remaining parameters of the model, the P -state mixture and the Q 2 -dependence of g q P (Q 2 ), are determined by a fit to the nucleon axial form factor data obtained by lattice QCD simulations with large pion masses. In this lattice QCD regime the meson cloud effects are small, and the physics associated with the valence quarks can be better calibrated. Once the valence quark model is calibrated, we extend the model to the physical regime, and use the low Q 2 experimental data to estimate the meson cloud contributions for GA(Q 2 ) and GP (Q 2 ). Using the calibrated quark axial form factors, and the generalization of the nucleon wave function for the other octet baryon members, we make predictions for all the possible weak interaction axial form factors GA(Q 2 ) and GP (Q 2 ) of the octet baryons. The results are compared with the corresponding experimental data for GA(0), and with the estimates of baryon-meson models based on SU (6) symmetry.
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I. INTRODUCTION
The electromagnetic and the weak structure of the hadrons can nowadays be accessed by electroweak probes, and characterized in terms of the corresponding structure form factors. There is presently a considerable information about the vector electroweak form factors, including the electromagnetic form factors of several baryons and mesons, where these form factors characterize the spatial distribution of the charge and magnetism [1] . As for the weak interaction axial form factors, from now on mentioned simply as axial form factors, the information is much more scarce. Only for the nucleon there are some data available for finite Q 2 , where Q 2 = −q 2 and q is the four-momentum transfer of the corresponding weak-axial transition. See Refs. [2] [3] [4] [5] for a review of the nucleon axial form factors and Ref. [6] for the octet baryon axial form factors.
A better knowledge of the axial form factors of a baryon is very important, because it provides complementary information to the electromagnetic structure, and also because involves both the strong and weak interactions. The form factors associated with the weak interaction axial current for the transitions B ′ → B ℓν ℓ , with B, B ′ being spin 1/2 baryons, ℓ = e, µ, τ andν ℓ is a antineutrino, can be decomposed into the axial-vector G A and induced pseudoscalar G P form factors [6, 7] . In the limit Q 2 = 0 the octet baryon form factors G A can be related with the polarized deep inelastic scattering data, and used to estimate the spin fraction of the baryon carried by the quarks (valence and sea) [3, [8] [9] [10] [11] [12] [13] .
The nucleon axial-vector form factor can be accessed by (quasi)elastic (anti)neutrino scattering and by charged pion electroproduction experiments. The value for Q 2 = 0 is determined accurately by the neutron β decay [2, 3, 5] . The induced pseudoscalar form factor can be determined at very low Q 2 by pion production experiments and muon capture by a proton. In general the accuracy is worse compared with the electromagnetic form factors, and limited to the region Q 2 < 1 GeV 2 [2, 4] . A review of experimental data can be found in Refs. [2, 3, 5] . To improve our knowledge of the weak interaction axial structure of nucleon, more precise data for G A are necessary for Q 2 < 1 GeV 2 as well as higher Q 2 . In progress are several experiments for quasi-elastic (anti)neutrino scattering with proton targets (MINERνA [14] ) and nucleus targets (T2K [15] and ArgoNeuT [16] ). Models for neutrino/antineutrino scattering based on baryon-meson coupled-channels can be found in Refs. [17] [18] [19] .
The G P data are very scarce, since they cannot be obtained by neutrino or antineutrino scattering [20] . The available data were obtained by pion electroproduction and also by interaction with muons [2, 4] . The relevant data can be found in Refs. [21] [22] [23] . As for the axialvector form factors of the octet baryons, the available information is limited to the values of G A (0) for a few allowed transitions [6, 24] .
The axial form factors of the octet baryons, including the nucleon, have been studied using constituent and chiral quark models [13, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] , based on the DysonSchwinger equations [38] [39] [40] [41] , models with meson cloud dressing [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] , large-N C and chiral perturbation theory [5, [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] and QCD sum rules [66] [67] [68] . Recently, lattice QCD simulations for the nucleon became available for Q 2 = 0 [69] [70] [71] [72] [73] [74] [75] [76] , for finite Q 2 [77] [78] [79] [80] [81] [82] [83] , and also for the octet baryons [84] [85] [86] [87] . These studies are very important to understand the role of the valence quarks and of the meson cloud dressing. The role of the meson cloud dressing in the deep inelastic scattering, namely in the nucleon parton distribution functions, was studied in Refs. [88] [89] [90] [91] . Of interest is also models based on the SU (3)-flavor symmetry of the baryon-meson reactions, like the heavy baryon SU (3) chiral perturbation theory, and others, which hereafter will simply be referred to as SU (3) baryon-meson models [6, 7, 56, 57] . Furthermore, modifications in the nuclear medium are also studied in Refs. [92] [93] [94] [95] [96] [97] .
In the present work we study the axial form factors of the nucleon and octet baryons using the covariant spectator quark model. The model has successfully been applied in studies of the electromagnetic structure of nucleon [98] [99] [100] , several nucleon resonances [1, [101] [102] [103] [104] [105] and other baryons [106] [107] [108] [109] [110] [111] [112] [113] [114] . The covariant spectator quark model is based on the assumption that the constituent quarks have their own internal structure, which can be parametrized by individual quark (electromagnetic) form factors.
In this work we extend the formalism of the covariant spectator quark model for the weak interaction axial structure of baryons, by introducing the axial-vector g q A and induced pseudoscalar g q P form factors at the quark level.
1 Based on our construction of the quark axial current, we calculate the contribution of the valence quarks for the macroscopic octet baryon form factors G A and G P . The quark axial-vector form factor g q A can be defined naturally based on its isovector character, but g q P has to be calibrated through a vector meson dominance form by the lattice QCD data for the nucleon.
Once the model is calibrated by the lattice QCD data for the nucleon, we extrapolate the model from the lattice QCD regime to the physical regime, which allows to estimate the magnitude of the meson cloud contribution for the nucleon axial form factors. 1 We include the upper index q to emphasize that the functions are related with quarks, and also to avoid the confusion with the well established notation at the baryon level, g A = G A (0) and
G P (−0.88m 2 µ ), where mµ is the muon mass.
In the present model the wave functions of the nucleon and the octet baryons are defined as in previous works [98, 106] using an S-state structure, but we include additionally a P -state component with an admixture coefficient n P . The motivation to include the higher angular momentum states and the P -state is in particular comes from the Cloudy Bag Model (CBM) and nonrelativistic quark models [25, 27, 35, 39, 42] . The magnitude of the P -state component will be fixed by the comparison with the lattice QCD data for the nucleon with large pion masses, where the meson cloud contamination is very small.
After the calibration of the model by the nucleon data (lattice and physical), we extend the model parametrization to the octet baryons, and make predictions for the valence and valence plus meson cloud contributions for the form factors G A and G P . The results for the octet baryons are compared with the lattice QCD results as well as the SU (3) baryon-meson models.
To summarize, in this work we derive a successful parametrization for the nucleon axial form factors, valid both in the physical regime and lattice QCD regime. Finally, we make predictions for the octet baryon axial form factors.
This article is organized as follows. In Sec. II we introduce definitions of axial current and axial form factors, both for the nucleon and the octet baryons. In Sec. III we explain briefly the method used to calibrate the quark axial current and the P -state mixture in the nucleon wave function, based on the available data for the nucleon. The formalism of the covariant spectator quark model, including the definition of the quark axial current and the octet baryon wave functions, are presented in Sec. IV. In Secs. V and VI we present expressions obtained for the valence quark components for the axial form factors (bare or core form factors). In Sec. VII we explain how the effects of the meson cloud component can be taken into account for the physical regime. Predictions of the SU (3) baryon-meson model are discussed in Sec. VIII. Results for the nucleon and octet baryon axial form factors are presented respectively in Secs. IX and X. Finally, summary and conclusions are presented in Sec. XI.
II. AXIAL-VECTOR AND INDUCED PSEUDOSCALAR FORM FACTORS
We define below the axial form factors of nucleon and their extensions for the other octet baryon members.
A. Nucleon
The weak-axial transition between the nucleon states with an initial momentum P − with a final momentum P + , where q = P + − P − , can be defined by the weak-axial current as [2] [3] [4] [5] [6] 
where M is the nucleon mass, τ a (a = 1, 2, 3) are the isospin operators (Pauli matrices), u(P ± ) the nucleon Dirac spinors, and G A and G P are respectively the axial-vector and induced pseudoscalar form factors. The "axial-tensor" form factor is ignored since it is associated with the second-class current and consistent with zero within experimental uncertainty [3] [4] [5] [6] . The current (J µ 5 ) a can be projected on the nucleon initial and final isospin states, using the isospin matrices, responsible for the SU (2)-flavor (isospin) symmetry [SU F (2) space], acting on the isospin states of the nucleon.
The discussion of the form factors defined by Eq. (2.1) becomes simpler, when we use a spherical representation (a = 0, ±). Then we have neutral transitions when a = 0 (n → n and p → p) and the transitions n ↔ p for τ ± . The weak neutral current (a = 0), (∆I = 0) corresponds to the Z-boson emission or absorption. The charged currents (a = ±) are associated with the ∆I = ±1 transitions mediated by the W -bosons emission or absorption for the p ↔ n transitions. In this work we simply assume that the function G A (Q 2 ) is defined by the isovector transition form factor, that corresponds to the transition between the u and d quarks at the tree level.
Note that, experimentally the situation is more complex, and in practice there are corrections to the pure W -and Z-exchanges [3, 96] . From the theoretical point of view the important issues are, whether or not we can ignore the effects of the s-quark and sea quarks for the axial form factors of the nucleon G A and G P [2, 3] .
Since the nucleon axial current is related with the quarks u and d, we can perform a flavor decomposition defining the isovector combination of the form factors [75, 81, 86] 
The isoscalar combination can also be defined as
Note however, that the isoscalar axial-vector form factors cannot be obtained by a simple current operator, but they can be calculated in lattice QCD simulations using generalized form factors [80, 81] . If we assume charge symmetry using G q . These quantities are very important for the estimate of the valence quark spin content of the proton [8-10, 13, 48, 81] .
It is important to mention that in the lattice QCD simulations, contrarily to the isovector axial form factors, the isoscalar axial-vector form factor has contributions from the so-called disconnected diagrams, which are in general neglected in the simulations [75, 83] . The first calculation indicated that the disconnected diagrams can contribute about 10% for G A and 20% for G P [83] . In the present work we can ignore these corrections, since our axial current is identified with the isovector axial form factors.
The estimates of ∆Σ u and ∆Σ d based on deep inelastic scattering data, combined with the SU (3) symmetry are consistent with the charge symmetry (∆Σ u /2 + ∆Σ d = −0.006 ± 0.015) [8] . The estimates from lattice QCD available at the moment are in agreement with the estimates based on deep inelastic scattering for ∆Σ u , but underestimates ∆Σ d , even when the disconnected contributions are taken into account [75, 83] . As a consequence, the results from lattice QCD violate charge symmetry (∆Σ u /2 + ∆Σ d = 0.097 ± 0, 012) [83] . It is worth to mention, however, that the lattice QCD calculations for the disconnected diagrams contributions are at the moment restricted to the pion masses around 370 MeV and the statistics is poor [75] .
B. Octet baryons
The axial form factors for the transition between the octet baryon members B and B ′ can be generalized taking into account the quark axial currentūγ
. They are defined in terms of the weak-axial current as [55] 
where u B ′ and u B are the corresponding Dirac spinors, and M BB ′ is the average mass of the final (mass M B ′ ) and initial (mass M B ) baryons:
. The factor 1/2 in Eq. (2.4) is included to be consistent with the nucleon case (2.1).
The form factors G A (Q 2 ) and G P (Q 2 ) defined by Eq. (2.1) are dependent on the octet baryon indices B and B ′ , similar to the nucleon case (p → p, n → n and n ↔ p). However, for simplicity we omit the baryon indices along the paper.
As in the case of the nucleon, weak transitions between the octet baryons can occur by the neutral current (Zboson) and by the charged current (W ± boson). The neutral transitions, that do not change their charges or isospin states are N → N , Σ → Σ, Ξ → Ξ, Σ → Σ and Ξ → Ξ. The charged current transitions can be divided in two kinds, the cases with ∆I = 1, and the cases with ∆S = 1. Here, ∆I = 1 and ∆S = 1 represent variations of ±1 (variation of 1 in absolute value) of the isospin and strangeness, respectively. The transitions ∆I = 1 are associated with the u ↔ d transitions. Examples of those transitions are:
The transitions ∆S = 1 are associated with the u ↔ s transitions. In this case one has Λ → p,
It is important to note that the form factors associated with the ∆I = 1 and ∆S = 1 transitions contribute differently for the transition crossed sections [6] . The ∆I = 1 form factors are multiplied by the factor cos θ C ≃ 0.97, while the ∆S = 1 form factors are multiplied by the factor sin θ C ≃ 0.23. In the neutral current transitions the factor is 1.
The transition current between the octet baryon members can also be represented by an SU F (3) extension of SU F (2) using the Gell-Mann matrices λ a (a = 1, ..., 8) instead of the Pauli matrices τ a (a = 1, 2, 3) [115] . In this case the transition currents are expressed in terms of the octet baryon states, or by the 3 × 3 baryon matrix and flavor-transition operators in the corresponding octet vector space [7, 57, 59, 116] .
III. METHODOLOGY
We discuss now the method used to calculate the axial form factors of the nucleon and the other members of octet baryons within the framework of the covariant spectator quark model. We start by the nucleon case. Later, we extend the framework for the other octet baryons. The formalism of the covariant spectator quark model is reviewed briefly in the next section.
In the covariant spectator quark model the electromagnetic structure of the baryons is described based on the valence quark structure of the baryon wave functions, and the electromagnetic structure of the constituent quarks. The electromagnetic structure of the baryons is parametrized by the quark electromagnetic form factors which simulate effectively the internal structure of the constituent quarks resulting from the interactions with quark-antiquark pairs and from the gluon dressing [98, 107] . Of particular relevance for the present work is the quark isovector form factors f 1− and f 2− , associated respectively with the Dirac and Pauli components of the constituent quark current [see the following Sec. IV A for the details]. In the present study we define two new quark form factors, g q A and g q P , respectively the quark axial-vector and quark induced pseudoscalar form factors. The details are discussed in Sec. IV B.
In order to calculate the axial form factors of the nucleon, we need a model for the wave function of the nucleon. We start assuming that we can describe the nucleon as a quark-diquark system with an S-state configuration following Ref. [98] . Previous works had shown that an S-state quark-diquark system is a good approximation for the nucleon [117] [118] [119] .
Since the structure based only on an S-state is quite poor as we will show in Sec. V, we consider a possibility of adding a P -state mixture to the nucleon wave function. The motivation to include this new component comes from nonrelativistic quark models, QCD sum rules, and also from CBM [39, 42, 67] . In some models the P -state mixture corresponds to the lower component of the nucleon Dirac spinor, which becomes very important for the axial form factors in a relativistic treatment [27, 39, 42] . In the covariant spectator quark model the P -state quark-diquark wave function is generated by the integration on the quark-pair internal degrees of freedom in the three-quark wave function. The quarkdiquark wave function contains all the information originally included in the three-quark wave function, as discussed in Ref. [99] . This P -state quark-diquark wave function appears as the consequence of the relativity and vanishes in the nonrelativistic limit [99] .
We consider then a nucleon wave function composed of a combination of the S-and P -state components, parametrized by the P -state mixing coefficient n P (n 2 P
gives the P -state probability in the nucleon wave function). The coefficient of the S-state, n S , is expressed by n S = 1 − n 2 P . When n P = 0 (n S = 1), we recover the S-state wave function.
The discussion about how the P -state can be built within the covariant spectator quark model is presented in Ref. [99] . The radial wave function associated with the S-state was already determined by the study of the electromagnetic structure of nucleon. For the P -state component, the corresponding radial wave function can be defined in terms of the radial wave function of the Sstate, without introducing any extra parameter [9, 98] .
As a consequence of the underlying internal structure of the nucleon based on the valence quark degrees of freedom, we decompose the nucleon axial form factors, admitting the possibility of meson excitations of the core, as
where G is an additional contribution that is the result of a meson creation by the baryon transition that decays by the weak interaction, into a lepton-neutrino pair [2, 4, 5, 55] .
For the nucleon and other non-strangeness changing transitions (∆I = 1), the pion (mass m π ) is expected to give a dominant contribution in the meson pole contributions, which is determined by the partial conservation of the axial current (PCAC) [2, 4, 5, 42, 43, 55, 78] 
In the study of the Q 2 -dependence of the form factors G P , the pole term is very important, especially in the timelike region (Q 2 < 0) [2] . Note that, contrarily to most of the works in literature, in r.h.s. of Eq. (3.3), we use G B A (Q 2 ) the bare contribution, instead of the function G A (Q 2 ), the total result for the axial-vector form factor, which includes also the meson cloud contribution. We replace G A by G B A because we want to use the relation (3.3) also in the lattice QCD regime, in the limit where the meson cloud effects are small. In the cases where meson cloud effects are significant for G A , as in the physical limit, the term
can be interpreted as a meson cloud contribution for G P . In the literature G A is often replaced by parametrizations of the experimental data labeled here as
The factor G pole P can be connected with the strong pion-nucleon coupling at Q 2 = 0 in the chiral limit, via the Goldberger-Treiman relation [120] . For a more complete discussion see Refs. [2, 4, 5, 42, 43] .
Note that, since we have contribution from the valence quark core for G P , we are including at Q 2 = 0 corrections to the Goldberger-Treiman relation according to (3.2) . This is not a problem, since the relation is strictly valid only in the chiral limit, and some corrections are expected, according to chiral perturbation theory and other frameworks [2, 4, 35, 38, 43, 55] . Calculations of G P can be found in Refs. [30, 31, 34, 38, 43, 44, 61, 67, 68] . For a review about the theory and experimental data associated with G P , see Ref. [4] .
In the limit where the meson cloud effects are small, we can drop the meson cloud contributions G MC A and G
MC P
and consider only the contributions from the bare core, and the pole term in the case of G P . This situation occurs when we deal with lattice QCD simulations with large pion masses (large m π ). Along this work we will use the expression "the large pion masses" to indicate the range m π > 350 MeV.
If the covariant spectator quark model is successful in the description of the bare core contribution of the nucleon axial form factors, it should also be able to reproduce the lattice QCD data for large m π , since in the lattice QCD regime the model is dominated by the valence quark effects. Therefore in this work, we use the lattice QCD data with large m π to calibrate the valence quark contributions of the model for the axial form factors. At the end the model will be extrapolated to the physical regime (m π = m phys π ≃ 138 MeV) and will be used to estimate the contributions of the meson cloud to the nucleon form factors.
An important step is the extension of the covariant spectator quark model to the lattice QCD regime. This will be done taking advantage of our parametrization for the quark form factors, both electromagnetic and axial currents, which are defined based on vector meson dominance (VMD) parametrizations. The extension of the model to the lattice QCD regime will be discussed in Sec. IV E.
A model based exclusively on the valence quark degrees of freedom is particularly convenient to compare with the lattice QCD data with large m π . In this case we have a more clean parametrization (free of meson cloud effects) for the valence quark effects. The same method was used previously and successfully in the studies of the electromagnetic proprieties of the nucleon, the Roper, the γ * N → ∆ reaction, as well as in the studies of the octet and decuplet baryon properties [102] [103] [104] [106] [107] [108] [109] .
The methodology used in the present study can be summarized as follows:
• First, we calibrate our model by a fit to the lattice QCD data for G A (Q 2 ). The calculation of G A (Q 2 ) depends on the quark axial-vector form factor g q A (Q 2 ) and the amount of the P -state mixture (n P ). Since g q A (Q 2 ) is associated with an isovector structure we simply assume that the Q 2 dependence of g q A (Q 2 ) can be approximated by the quark Dirac isovector form factor f 1− . Under this assumption we try to find if there are proper values for n P that can describe the nucleon lattice QCD data for G A . We conclude that the answer is positive, and n P is determined by the best fit to the data. Up to this stage we neglect the induced pseudoscalar form factor of the quark by setting g q P ≡ 0.
• Next, we check whether or not the lattice data for G P (Q 2 ), associated with several values of m π , can be described by a simple model for the quark induced pseudoscalar form factor g P (Q 2 ), parametrized by a VMD form. Again, the answer turns out to be positive, and we use the lattice QCD data to estimate the shape of g q P , fixing the two parameters of the VMD expression. With the determination of n P and g q P (Q 2 ) by the fit to the lattice data, we finish the calibration of the valence quark component of our model.
• The next step is to extrapolate the model to the physical regime (m π → m phys π ). The extrapolation is performed in two steps. First, we extrapolate our parametrization of the valence quark contributions (obtained from the lattice QCD data) to the physical regime, to get G B A (Q 2 ) and G B P (Q 2 ). Next, we correct the result for the form factors including the normalization factor of the wave function, √ Z N , corresponding to the fraction of the threequark valence quark system, in the physical nucleon wave function, redefining the effective contribution of the valence quarks by effectively taking into account the meson cloud effects. With this procedure G B A is modified according to
We estimate Z N by comparing our valence quark model result with a parametrization extracted from the physical data G exp A (Q 2 ) in the the region Q 2 1 GeV 2 , where the meson cloud effects are expected to be small. With this procedure we determine a parametrization for the valence quark contribution, for the nucleon axial-vector form factor in the physical regime. After this the meson cloud effects can be estimated using
. Also for the induced pseudoscalar form factor G P , the contribution of the valence quarks G B P is corrected by the factor Z N , in the physical limit. Details of the procedure are discussed in Sec. VII.
• With the model calibrated for the nucleon axial form factors (n → p transition), we use SU F (3) symmetry at the quark level to extrapolate the results of the nucleon to make predictions for the other octet baryon axial form factors. In Sec. VI we discuss our extrapolation from SU F (2) to SU F (3). To obtain the final result for the octet baryon axial form factors, we need also to take into account the meson cloud effects for the other octet baryon members, which can be done making some assumptions about the amount of the meson cloud contribution based on SU (3) and/or SU (6) symmetries. Finally, we compare the results with those of the SU (6) baryon-meson model discussed in Sec. VIII.
IV. COVARIANT SPECTATOR QUARK MODEL
We discuss now the covariant spectator quark model. The covariant spectator quark model was first developed for the study of the electromagnetic properties of nucleon [98] [99] [100] , and subsequently extended for the studies of the electromagnetic properties of several resonances, and electromagnetic transitions between baryon states [105, 113, 114] , including the octet and decuplet baryons [106, 107, [109] [110] [111] [112] .
In the following, we review the formalism of the covariant spectator quark model related with the electromagnetic structure of the quarks and baryons. Next, we introduce the quark axial form factors, and explain how the axial current between the baryon states is calculated. Later, we describe the structure of the nucleon wave function in term of the valence quark structure, and explain how it can be extended for the octet baryons. Finally, we show how the model can be generalized to the lattice QCD regime.
A. Electromagnetic form factors
In the covariant spectator quark model the electromagnetic transition current is calculated in a relativistic impulse approximation using the nucleon wave function Ψ N expressed in terms of the states of the quark 3 and the quark current j µ q [98, 99, 107] :
In the above the integral symbol represents the covariant integration associated with the diquark threemomentum, Γ represents the diquark polarizations (scalar and axial-vector), and k the diquark momentum. As before P + and P − are respectively the final and initial nucleon momenta. The quark electromagnetic form factors are defined by the quark electromagnetic current j µ q as [98, 101] :
The functions f 1± define the Dirac isoscalar/isovector form factor and f 2± define the Pauli isoscalar/isovector form factor. For the present discussion it is sufficient to mention the isovector form factors, f 1− and f 2− . These form factors were defined in previous works using a parametrization motivated by vector meson dominance [98, 101] :
3)
where m ρ is the ρ meson mass and M h represents a mass of an effective heavy meson that simulates the structure of all the high mass resonances. The parameters λ, κ − , c − and d − are coefficients calibrated by the nucleon form factor data and deep inelastic scattering (for λ) [98] . We choose in particular the model II in Ref. [98] , where λ = 1.21, κ − = 1.823, c − = 1.16 and d − = −0.686. As for M h we use M h = 2M (twice the nucleon mass) in order to simulate the short range structure of the current.
B. Axial form factors
Similarly to the electromagnetic form factors, the nucleon axial current can be written as
The constituent quark axial current, j µ Aq is defined in terms of the quark axial form factors g A (Q 2 ) and g P (Q 2 ) as
As for the nucleon, we can add an isospin label a to the quark form factors g q A and g q P , but only one function is relevant due to the isospin symmetry. The form factor g q A is associated with the u ↔ d quark transitions (Wboson emission or absorption) responsible by the ∆I = 1 transitions.
As for g q A , we assume that it is the same as the isovector component of the Dirac form factor defined by Eq. (4.2), due to its isovector character:
Note that, then g q A (0) = 1 [42, 121] . As for g q P we may be tempted to relate it with f 2− , because we expect a falloff, g q P ∝ 1/Q 2 . However, since the structure of the Pauli term and the term associated with the induced pseudoscalar current are very different, we choose instead only a form inspired by f 2− , given by
where the coefficients α and β will be determined by a fit to the lattice QCD data obtained with large m π (small meson cloud contamination).
To summarize, we choose parametrizations for the quark axial form factors g q A andP , motivated by VMD, similarly to what was done previously for the quark electromagnetic form factors, f i± (i = 1, 2).
C. Nucleon wave function
For the nucleon wave function, we consider a mixture of the S-and P -states as suggested by Ref. [99] ,
where n P is the P -state mixture coefficient, and n S = 1 − n 2 P , as discussed already. For the S-state Ψ S (P, k), we use [98] 
where φ 0,1 are the isospin wave functions, ε α P is the diquark polarization vector, U α (P ) a spin 1/2 state, to be defined next, and ψ S is the radial wave function.
The isospin wave functions, φ 0,1 , can be represented in terms of the isospin-0 and isospin-1 components that are also function of the nucleon isospin projection I z , that labels the proton (I z = + states. More specifically, we can write [98] 
where χ(I z ) are the nucleon isospin state, that correspond also the isospin state of the quark-3 (u or d), and τ ± = τ x ± iτ y , are the isospin raising and lowering operators and τ 0 = τ z . The operators ξ 0,1 are represented as [98] 
In the next section, we use an alternative notation to represent the flavor states of the remaining octet baryon members.
The spin-1 diquark component of the wave function (4.10) includes the spin state [101] 
The spin states are ruled by the SU (2)-spin symmetry [SU S (2) symmetry]. The spin 1/2 states U α (P ) is combined with the diquark polarization vector, ε α P (λ) (λ = 0, ±) defined in a fixed-axis base, for a threemomentum P along the z-axis [100] ,
where E = √ M 2 + P 2 . In order to write the expression for the P -state conveniently, we definek
Note that at the nucleon rest frame, P = (M, 0, 0, 0),k = (0, k) is reduced to the diquark three-momentum, and
Following Ref. [99] we define the P -state wave function as
where ψ P (P, k) is the P -state radial wave function. Since the wave function (4.21) is reduced to two upper components that vanishes in the nucleon rest frame, the state correspond to a positive parity state (the negative parity of the P -state is cancelled by the negative sign from the Dirac parity operator γ 0 ) [99] . The normalization conditions of the S-and P -state components require that, The radial wave function for the S-state, ψ S (P, k), can be defined in terms of the dimensionless variable [98, 107] 
As in previous works, we consider the form [98, 106] , 25) where N S is a normalization constant, and β 1 , β 2 are momentum scale parameters in units of M m D . In the present work we use the values β 1 = 0.049 and β 2 = 0.717 [98] .
As for the P -state, we define ψ P (P, k) as
In this case both the S-and P -state components of the nucleon wave function are defined by the S-state parametrization established in previous works [98, 101] .
D. Extension of the valence quark model for the octet baryons
We discuss now the extension of the model for the other members of the octet baryons. For this we need to consider the modifications of the quark axial current (4.6) as well as the modifications in the wave functions of the baryons.
We can extend the description of the nucleon wave function for the S-and P -states given by Eqs. (4.10) and (4.21) , to the octet baryons replacing the isospin wave functions of the nucleon φ 0 and φ 1 by the mixed anti-symmetric and mixed symmetric SU (3) flavor wave functions, respectively |M A B and |M S B associated with the baryon B. The flavor wave functions, |M A B , |M S B are presented in Table I .
As for the radial wave functions we follow the study of the electromagnetic proprieties of the octet baryons Λ, Σ and Ξ based on the S-state [109] 
, (4.27)
, (4.28)
where χ B is defined by Eq. (4.24) with M replaced by M B , N B are normalization constants, and β 3 , β 4 are new momentum range parameters (in units of M B m D ). The motivation for the above expressions is to modulate the short range behavior β 2 , defined in the nucleon radial wave function by a different parameter (smaller value for β 3 and β 4 ) according to the number of strange quarks. We take the values from Ref. [109] : β 3 = 0.603 and β 4 = 0.381. Similarly to the nucleon, we can also define the P -state radial wave functions as ψ B,P = ψ B,S / −k 2 , wherek is defined by Eq. (4.20) in terms of the baryon momentum P . The quark axial current (4.6) defined so far in the SU F (2) sector, is extended to the SU F (3) sector for transitions between the other octet baryons replacing the Pauli matrices τ a (a = 1, 2, 3) by the Gell-Mann matrices λ a (a = 1, ..., 8).
Using the Gell-Mann matrices we can describe the neutral current transitions (B → B) when the operator is I 0 = λ 3 , and also the transitions with ∆I = 1 or ∆S = 1. The transitions with ∆I = 1 are associated with the operator I ± = 1 2 (λ 1 ± iλ 2 ) which correspond to the d → u (I + ) and u → d (I − ) transitions. The transitions with ∆S = 1 are associated with the operator
According to the SU F (3) symmetry the quark form factors g q A and g q P are the same as in the SU F (2) sector. Therefore, once the model is fixed in the SU F (2) sector, the results for the SU F (3) sector represent predictions of the model.
E. Lattice QCD regime
We discuss here how we can perform the extension of the covariant spectator quark model to the lattice QCD regime. This extension was already done in the past for electromagnetic transitions [102, 103, 106, 109] .
In the previous sections we have shown that the wave functions of the baryons, including the radial part ψ S and ψ P , can be written in terms of the baryon mass M B . In Eq. (4.24) we have presented the parametrization for the nucleon, but the generalization for other baryons can be done by replacing M by the corresponding baryon mass M B . We have also discussed how the quark axial current j µ Aq given by Eq. (4.6) can be defined in terms of the axial form factors g q A and g q P , and the nucleon mass M . We have also concluded that the quark axial form factors can be represented by a VMD parametrization in terms of the mass of the vector meson mass (ρ meson), and an effective heavy meson with mass M h = 2M .
Since the bare contribution for the electromagnetic and the axial form factors can be completely determined by the masses of the baryon (M B ), the ρ mass (m ρ ) and the nucleon mass (M ), we extend the model for the lattice QCD regime replacing these masses by the corresponding masses in the lattice QCD simulations. The remaining parameters in the quark current and in radial wave functions are the same as those used in the physical limit. As for m ρ , since the value is not always provided in the lattice QCD simulations, we use the following expression based on the lattice studies made in Ref. [122] ,
where m π is the value of the pion mass used in the lattice QCD simulation, a 0 = 0.766 GeV and a 2 = 0.427 GeV −1 . With the procedure explained above, we can associate our model with a lattice QCD simulation with the same m π (lattice QCD regime).
V. VALENCE QUARK CONTRIBUTIONS FOR THE NUCLEON
We present in this section the expressions for the nucleon axial-vector and induced pseudoscalar form factors associated with the different valence quark contributions of the nucleon wave function. Since the nucleon wave function (4.9) is a combination of the S-and P -states, the contributions for the axial current (4.5) can be decomposed into an S-state term (∝ n 2 S ), an S → P term (∝ n S n P ) and a P -state term (∝ n 2 P ), as presented in the next sections. The individual contributions for the form factors associated with the transitions between the S-and P -states, S → S, S ↔ P and P → P , will be represented by the upper indices SS, SP and P P , respectively. Note that, the transition between the S-and P -states is possible due to the structure of the axial current, γ µ γ 5 . However, in the limit Q 2 = 0 the SP contribution vanishes (the same happens for the current given by a Dirac term γ µ ). In order to present the results in a covariant form, we introduce some useful notation below. For the average momentum between the initial and final momenta we use
It is also convenient to definẽ
In the Breit framek ′ is reduced to the spacial component,
The analytic expressions for the transition form factors, to be given next, can be expressed in terms of a few invariant integrals defined by the factors:
In the Breit frame one has a =
, where E D = m 2 D + k 2 and k z is the z-component of the three-momentum k.
A. S-state
The S-state contribution for the form factors can be expressed as
where n 2 S = 1 − n 2 P , and
is the nucleon Body form factor. This calculation can be done using the S-state model from Ref. [98] . In the limit n [12, 13, 27, 39, 42, 50, 57, 123] . The inclusion of relativistic corrections on nonrelativistic models reduces the value of G A (0) = 5 3 , to a value closer to the experimental value G A (0) ≃ 1.27 [12, 31, 39, 123] .
, implies that if we want to explain the experimental value within a simplified model, we need to admit that the axial charge of the quark is smaller than the unit, g q A (0) < 1, breaking the connection with the electromagnetic isovector current [g q A (0) = f 1− (0)]. Similar effects were already observed in other frameworks [13, 35, 38, 39, 41, 52, 123] . Calculations based on the Dyson-Schwinger formalism suggests that the quark axial-vector coupling g q A (0) is reduced relatively to g q A (0) = 1, due to the gluon dressing of the quarks [38, 39, 41] .
B. Transition between S-and P -states
For the S-to P -state and the P -to S-state transitions we obtain, using n SP = n S n P ,
where
Note that in the Breit frame
, with E N = M √ 1 + τ being the nucleon energy (initial or final state).
C. P -state
The results for the P -to P -state transition is given by
where The function B 5 can also be represented as B 5 = B 3 − 3B 4 . However, it is convenient to define B 5 as an independent function, since B 5 ∝ τ for small τ , which implies that B5 τ → constant when Q 2 → 0. This property is the consequence of the result,
is associated with L = 2 transitions between the two P -state components in the nucleon wave function.
D. Summary of the valence quark contributions
We discuss now the total contribution from the baryon core (bare) given by the sum of the components presented below:
Using the result for G B A , we can estimate the amount of P -state mixture n P in terms of the value of G B A (0), in the case where there are no meson cloud contributions. From the normalization of the radial wave functions, we can conclude that B 1 (0) = B 3 (0) = 3B 4 (0). Since at Q 2 = 0 the SP term vanishes, we can conclude that,
Then, if g q A (0) = 1 as already discussed, we may estimate the P -state mixture in terms of the valence quark con-
2 we obtain n P = ±0.47, ..., ±0.52. The improvement of the agreement with the data due to the inclusion of angular momentum components beyond the S-state approximation, was observed long time ago in the context of nonrelativistic quark models [123] and in CBM [42] . In CBM the reduction of G A (0) from the value 5/3 is also a consequence of P -state, associated with the lower components of the quark Dirac spinors [42] .
It is important to recall at this point that in lattice QCD simulations with large m π , the contribution of the In Fig. 1 we compare the results of our model extended for the lattice QCD regime with the lattice QCD simulation for m π = 465 MeV from Ref. [82] . We can see that the pure S-state (n P = 0; short-dashed line), fails to describe the data for the small Q 2 region, although it approaches the lattice data for large Q 2 . The result for n P = 0.1 (long dash line) overestimates the data in the small Q 2 region, while in the large Q 2 region it underestimates. Finally, the result for n P = −0.5 (solid line) gives an excellent description of the lattice QCD data. This suggests that a mixture between the S-and P -states of about 25% with a negative coefficient (n P ≃ −0.5) is adequate to describe the lattice QCD data for G A obtained with large m π .
The result of the systematic study of the lattice QCD data for the range m π = 350-500 MeV, for both form factors, G A and G P , will be presented in Sec. IX. In the next section we extend the formalism developed here for the nucleon to the octet baryons using the SU F (3) flavor symmetry at the quark level.
Since in the physical regime, contrarily to the lattice QCD regime with large m π , the effect of the meson cloud (in particular the pion cloud) cannot be ignored for the nucleon as well as for the other octet baryon members, in Sec. VII we discuss how the results for the physical case can be corrected by the effect of the meson cloud on the octet baryon wave functions.
VI. VALENCE QUARK CONTRIBUTIONS FOR THE OCTET BARYONS
As in the case of the nucleon, we can calculate the axial form factors involving the other octet baryon members using the wave functions given in Sec. IV D. There are four main differences relatively to the nucleon case:
• we have now the u ↔ s transitions,
• the nucleon isospin wave function, φ 0 I and φ 1 I , are replaced by the anti-symmetric |M A B and symmetric |M S B flavor wave functions in SU (3) F , as displayed in Table I, • the radial wave functions ψ S and ψ P are replaced by functions with different momentum range parameters,
• there are in general a mass difference between the initial (M B ) and the final (M B ′ ) baryon states (for the nucleon the difference between the proton and neutron mass is negligible).
Contrarily to the nucleon case (n → p transition) the difference in masses between the initial and final states can originate in principle additional terms to the structure of transition axial current (2.4), besides corrections dependent on the mass difference to the form factors G A and G P . In this work as a first approximation we consider the limit M B ′ = M B and replace those masses by the average M BB ′ .
Except for the value of the mass (M or M BB ′ ) we can calculate the results of the axial form factors for the octet, using the results for the nucleon modified by the flavor wave functions. Since the results for the nucleon can be divided into the diquark spin-0 contribution that goes with the mixed anti-symmetric flavor wave function |M A B , and the diquark spin-1 contribution that goes with the mixed symmetric flavor wave function |M S B . We define the symmetric (S) and anti-symmetric (A) transition coefficients,
where the operator X can be either I 0 , I ± or V ± . The results of the octet transition coefficients are presented in Table II . The results for the neutral transitions B → B defined by X = I 0 ≡ λ 3 are presented in Table III for B = N, Σ, and Ξ. For Λ and Σ 0 the coefficients are both zero, therefore G A (Q 2 ) = 0. As explained in caption of Table III , the values are redefined to be independent of the charges of the baryons as in the nucleon case.
Using the new notation we can re-write the results for the nucleon in terms of the factor for the octet baryon transitions. ′ are also defined with the mixture coefficients n S and n P , we can write the transition form factors with n S , n SP and n P in general:
where one has now τ = , and also from the result g q A (Q 2 ) ≃ constant in the large Q 2 limit. Recall that the radial wave functions are chosen with the form of the nucleon radial wave function, and that the nucleon radial wave function is parametrized in order to describe the nucleon electromagnetic form factors for large Q 2 . The consequence of this choice is that one has B 0 (Q 2 ) ∝ 1/Q 4 for large Q 2 , apart from some logarithmic corrections [101] .
In the third columns of Tables II and III we present the result for G B A (0) for n P = 0. It is interesting to look to those values, because they agree with the results of the static quark model (naive quark model), obtained also in the S-state limit. As already discussed, the covariant spectator quark model improves the result for the nucleon at Q 2 = 0 when we include a P -state mixture with the value n P ≃ −0.5.
In the last columns of Tables II and III Note about the function G B A (Q 2 ) that the results are no longer related with the static quark model limit, since we now include a P -state mixture. In order to better understand the difference between the two models, the static quark model and a model with the P -state, we compare the results for the case where n P ≃ −0.5. In the static quark model we obtain for the nucleon G In Sec. VIII we compare the results of our valence quark model with those of the SU (3) baryon-meson model.
VII. MESON CLOUD EFFECTS FOR THE OCTET BARYON AXIAL FORM FACTORS
We discuss in this section how the meson cloud effects can be taken into account in the octet baryon axial form factors. We start the nucleon case. Next, we explain how the method can be extended for the other octet baryon members.
A. Meson cloud dressing of the nucleon
Since the pion cloud is expected to be the dominant contribution in the meson cloud, we could in principle replace meson cloud by pion cloud. We will keep however the discussions general, aiming for the generalization for the octet baryons.
The meson cloud contribution can be included in the nucleon wave function using the nucleon state expanded Since the nucleon wave function associated with the state (7.1) includes states beyond the valence quark core, we simply refer the state |N as the physical nucleon state [42] . Note however, that although the higher order states such as baryon-meson-meson states may also be included in the nucleon wave function by including the corresponding states in Eq. (7.1), we assume that the baryon-meson states give the more relevant corrections to the valence quark core, and ignore the higher states in this work.
We discuss now how the results obtained for the form factors due to the valence quark component are modified by the existence of the component |MC . In a framework where the baryon-meson interactions are defined by an underlying theory, we can calculate the normalization constant Z N using the derivative of the nucleon self-energy (nucleon dressed by the meson cloud) [106, 109, 111] .
Once determined Z N , we can calculate the effective contribution of the valence quark component for a given process, including the factor √ Z N associated with the component |3q . Since the valence quark component itself is normalized to unity and there is a meson cloud component, we need to correct the bare contribution when we compute the effect of the valence quarks by the probability of finding a bare nucleon state (three valence quark) in the physical nucleon state |N , which will reduce the bare contribution by the factor ( √ Z N ) 2 due to the presence of the meson cloud.
For an easier understanding of this normalization procedure, we discuss the calculation of the proton charge e, defined by the proton Dirac form factor in the limit Q 2 = 0, F 1 (0). Since the determination of the nucleon elastic form factors depends on the two nucleon wave functions associated with the initial and the final states, the valence quark contribution for F 1 (0) which is unity, should be modified by Z N = √ Z N √ Z N due to the normalization of the valence quark component of the wave function. Therefore only the fraction Z N contributes to the proton charge. The remaining contribution (1−Z N )e is due to the meson cloud. Considering as an example the model that we will present in Sec. IX with Z N = 0.73, we can conclude that only about 73% of the proton's charge is due to the valence quarks (27% of meson cloud).
To summarize, the contribution of the valence quarks for the axial form factor G A can be determined from the result obtained by the bare contribution G 
See Refs [106, 109, 111] for more details.
To avoid confusion between the result for G A obtained in the case where only the valence quarks are relevant (so far represented as G B A ), and the case with the meson cloud as in the physical case, we definẽ
as the effective contribution of the bare core for the axialvector form factor. Using this notation we can rewrite Eq. (3.1) as In this work, instead of calculating Z N from an underlying theory we chose to use the experimental data for G A to estimate the amount of the meson cloud in the nucleon system.
Our method to estimate Z N is the following: i) first, we calibrate our valence quark model by the lattice QCD data with large m π , ii) next, we extrapolate the result for the physical limit to obtain G B A , iii) finally, we use Eq. (7.3) withG B replaced by a phenomenological parametrization of the data for Q 2 > 1 GeV 2 , a region where the meson cloud effects are small to calculate Z N .
Note that the estimate of the factor Z N by the nucleon G A form factor data, instead of just by the nucleon electromagnetic form factor data, provides in principle a more consistent estimate of the meson cloud component in the physical nucleon state |N .
B. Meson cloud dressing of octet baryons
We assume that for the other octet baryon members we can write also an equation similar to Eq. (7.1), that includes a coefficient c B , that is related with the normalization constant √ Z B . For the other octet baryon members, however, it is not possible to estimate Z B directly from the data, since there are no data for finite Q 2 . We cannot use the method based on Eq. (7.2) to estimate Z B .
Therefore, we rely on an alternative method to estimate the normalization factor Z B for the other octet baryon members. The method is based on the similarity between the contribution of the meson cloud for the nucleon in our model and CBM [11] .
In the formalism of the covariant spectator quark model we can represent [106, 109, 111, 112 ] where b 1 is a parameter that establishes the magnitude of the meson cloud in the nucleon system, and a B is a factor dependent on the baryon flavor, constrained by a N = 1. The coefficient a B is defined by c We compare our result for Z N with the result of CBM [11] . Our result for Z N , presented in Sec. IX is Z N = 0.7343. The results from CBM is Z N = 0.7114. We conclude therefore that the effect of the meson cloud in the nucleon wave function is very similar in both models.
Assuming that the meson cloud contribution for the octet baryon members keep the same proportion for the nucleon as in CBM, we can determine a B , and consequently calculate Z B . Since in the weak transitions between octet baryon members may involve different isospin multiplets in the initial and in final states, it is more convenient to present the results for √ Z B . The values of √ Z B determined by the method described above are presented in Table IV .
VIII. SU (3) BARYON-MESON MODEL
In Secs. IV, V and VI we have discussed the covariant spectator quark model which is based on the wave functions in flavor-spin space determined by the SU F (3) ⊗ SU S (2) symmetries. In the following for simplicity we use SU (6) to represent SU F (3) ⊗ SU S (2).
We discuss here the results obtained by the SU F (3) symmetry model for the hadronic weak-axial current modified by the strong interaction according to PCAC. Using the SU F (3) symmetry we can represent the baryon-meson interactions in terms of an SU (3) chiral perturbation theory Lagrangian parametrized by three quantities, namely, the Cabibbo angle (θ C ), and the antisymmetric F and the symmetric D couplings [6, 7] . Some of those models may also be refereed to as the Cabibbo theory [6, 56] or the heavy baryon chiral perturbation theory [7, [57] [58] [59] [60] .
In the SU (3) baryon-meson approach, the properties of the beta decays of the octet baryons can be characterized by the couplings F and D. In particular the results for G A (0) associated with the ∆I = 1 and ∆S = 1 octet baryon decays can be expressed in terms of F and D. The expressions for G A (0) are presented in the column labeled as SU (3) in Table V. In Table V Table V one F + D) . Then, all the values of G A (0) can be determined by the value of F + D that can be fixed by the value of G A (0) for the n → p transition. The results for the SU (6) case are also presented in Table V [see column labeled as SU (6)].
Note that, in the SU (3) and SU (6) approaches the dependence on the baryon masses is not reflected directly on the coupling constants D and F , which should be valid for all the weak transitions between the octet baryons (N, Λ, Σ, Ξ). It is important to mention that although the many successful SU (3) baryon-meson models are close to the SU (6) limit of α = F/(F + D) = 0.6, the two parametrizations can differ up to about 17-25%. The SU (3) baryon-meson models generally have a better agreement with the data.
It is interesting to compare the results of the SU (3) baryon-meson model in the SU (6) limit (last column in Table V) with the results of G B A in Table II (last column) . We can conclude that the function G in Table V , and the function G B A in Table II , are multiplied by the same (constant) factor for a given transition. This result means that the covariant spectator quark model is equivalent to an SU (6) baryon-meson model in the limit Q 2 = 0. For the convenience of future discussions we define the relative proportion factor, η BB ′ , for the axial-vector form factor for the B → B ′ , relative to that of the nucleon (n → p).
If we estimate the contribution of the quarks u and d for the proton spin using the static quark model, we obtain ∆Σ u = 4/3 and ∆Σ d = −1/3, which correspond to the total spin of the proton (∆Σ = 1). However, the experimental value is ∆Σ ≃ 0.33 [8, 9] , which raised the well known proton spin crises [8] [9] [10] [11] . The above values of ∆Σ q correspond to F = 2 3 and D = 1 [12, 13, 50, 57, 123] . In this case one has an SU (6) model (F = The SU (3) baryon-meson model gives a good description of the data when the parameters D and F are fitted to the available G A (0) data for the octet baryons. It is important to note however that the results of the SU (3) baryon-meson model are expected to be only an approximation since the SU F (3) symmetry is broken due to the large s-quark mass compared to the u and d quarks. The symmetry breaking due to the s-quark is indeed reflected on the variation of the octet baryon physical masses. Thus, due to the symmetry breaking, a deviation of about 20-30% from the data can be expected [6, 59, 60] .
We can extend the results of the SU (3) baryon-meson model for finite Q 2 replacing the constants F and D by two form factors dependent on Q 2 , F (Q 2 ) and D(Q 2 ), as suggested in Ref. [6] . If we demand also SU (6) symmetry, one gets α ≡ D(0)/(F (0) + D(0)) = 0.6. The results based on this, are presented in the last column of Table V in terms 
, that is now a function of Q 2 . Note that, the difference between the calculation in Sec. VI and the SU (3) baryon-meson model extended for finite Q 2 , is that the functions G B A (Q 2 ) only take into account the effect of the valence quark contributions, and the calculations of G(Q 2 ) = F (Q 2 ) + D(Q 2 ) are parametrized by the octet baryon beta decay data for Q 2 = 0, and the nucleon data, including finite Q 2 data. Therefore the SU (3) baryon-meson model takes into account effectively all possible physical effects including the meson cloud effects.
Thus, if we consider the SU (3) baryon-meson model, with a Q 2 dependence extracted from nucleon experimental data for G A , one can estimate all the axial-vector octet baryon form factors, based on the SU (3) symmetry. However, since the baryon-meson models based on the SU (3) symmetry generally ignore the effects of the octet baryons masses in the transitions, the estimates of the Q 2 dependence, except for the nucleon case, have to be taken with caution. In Sec. X we will discuss the expected falloff with Q 2 according to the SU (6) baryonmeson model, and compare it with the results of the covariant spectator quark model.
Recall that, since the SU (3) and the SU (6) baryonmeson models are based on the SU F (3) symmetry, we obtain results only in a first order (equal mass limit of the octet baryons), and a deviation from the data can be expected, even with an effective inclusion of the meson cloud effects. Corrections due to the SU (3) symmetry breaking, as the result of the large s-quark mass as well as the corrections from meson loops can be calculated using the formalism of chiral perturbation theory [57] [58] [59] 85] . It is known that meson loop corrections do not satisfy the SU (3) symmetry [57, 58] . The explicit calculation of the next leading order corrections of the SU (6) baryon-meson model are, however, beyond the scope of the present work.
Here, we emphasize that, in general, the inclusion of the meson cloud contributions breaks the SU (6) symmetry observed for the valence quark component of G A (in the equal mass limit). However, as far as the valence quark contribution is dominant, and the coefficients F and D are fitted to the G A (0) data, it is expected that an SU (3) or an SU (6) baryon-meson model gives a good description of the data for small Q 2 . As for finite Q 2 , in particular for large Q 2 , it is still necessary to check if the SU (3) or SU (6) description is good, or if the effect of the octet baryon masses (symmetry breaking) is important.
For simplicity and consistency with the approximate structure of the SU (6) symmetry in the covariant spectator quark model, we will start by analyzing the meson cloud contribution with an SU (6) parametrization. This parametrization has no adjustable parameters once the contribution of the meson cloud in the nucleon axial- (3) scheme, and in the case of SU (6) symmetry [6, 54] . F and D here are functions depending on Q 2 . In the last column G = F + D is also a function dependent on Q 2 . vector form factors are fixed. Later on we discuss an SU (3) parametrization where we adjust one parameter by the G A (0) data of the octet baryons. Our results for G A (Q 2 ) will be presented in Sec. X. All the discussions in this section have been centered on the functions G A . As for the induced pseudoscalar form factors G P , there are no predictions from the SU (3) baryon-meson model [6, 43] .
IX. RESULTS FOR THE NUCLEON AXIAL FORM FACTORS
In this section we present our results for the nucleon axial form factors. We divide the presentation in three steps:
• Determination of the P -state mixture parameter (n P ) in the nucleon wave function by a direct fit to the lattice QCD data for G A .
• Determination of the quark form factor g P by a fit to the lattice QCD data for G P .
• Extrapolation of the model from the lattice QCD regime to the physical regime in order to obtain the valence quark contribution for the nucleon axial- The calculation of G A is done using the expressions discussed in Sec. V, summarized in Eq. (5.19) , where all the terms are function of the P -state mixing parameter n P (since n S = 1 − n 2 P ). In Sec. V D we have already shown that some lattice QCD data are well described by a P -state mixture with n P ≃ −0.5.
Lattice QCD simulations of the axial-vector form factor of the nucleon for Q 2 = 0 can be found in Refs. [69] [70] [71] [72] [73] [74] [75] [76] [77] . The results from Refs. [74] [75] [76] are obtained near the physical point or at the physical point. Recent calculations of G A as a function of Q 2 can be found in Refs. [78] [79] [80] [81] [82] 84] . Concerning the calculations of G A for small Q 2 , it is important to mention that lattice simulations per-formed with small volumes underestimates the value of G A [73, 78, 79] . Therefore in our study we select datasets with large volumes.
The lattice QCD data included in our fit correspond to those from Refs. [81, 82] , in the pion mass range m π = 350-500 MeV (large m π ), where only the valence quark degrees of freedom are relevant. The parameters used in the lattice simulations: the lattice space (a) and the length L that defines the volume, are listed in Table VII . In addition to the large volumes the chosen datasets have values of G A (Q 2 ) up to Q 2 = 2 GeV 2 , which is convenient if we want to study the large Q 2 region. In Table VIII we also present the results for m N given by the respective lattice QCD simulations, and the values of m ρ determined by Eq. (4.30). These mass values are necessary to calculate the quark axial current (4.6) based on the VMD parametrizations discussed in Sec. IV B for the model in the lattice regime. Furthermore, m N is also necessary to obtain the nucleon radial wave functions in the lattice regime. In the fits, to avoid the contamination of lattice QCD artifacts that may appear for large Q 2 , we use only the data with Q 2 < 1.6 GeV 2 . Above this Q 2 range, the lattice QCD data are often affected by large errorbars and may show unexpected oscillations. The results of our χ 2 per datapoint are presented in Table VIII , in the column indicated χ 2 (G A ). By the fit we obtain the value n P = −0.5067. Table VIII ]. In the case m π = 432 MeV, however, we can notice that the lattice data falloff is faster than the model (fit), and this is reflected in the large partial χ 2 value. Nevertheless, the data are sill consistent with the model.
B. Induced pseudoscalar form factor (GP )
With the value of n P fixed by the lattice G A data, we can test now if the lattice G P data can be described by a parametrization of g P based on the VMD mechanism. We decompose G P as G P = G B A + G pole P , where the pole term is defined by Eq. (3.3) , and fit the coefficients α and β in the function g P given by Eq. (4.8) to the lattice QCD data for G P . The values obtained from the best fit are, α = −3.901 and β = 0.3297. The quality of the fit for each lattice dataset is presented in the column χ 2 (G P ) in Table VIII .
In Fig. 3 we show the results of the fit for three groups of pion masses discussed previously. In any case we have a good description of the data. (The datapoint for Q 2 = 0 for m π = 373 MeV is the result of an extrapolation and is not included in the fit).
C. Extrapolation to the physical regime
The experiments related with the form factor G A show that the value for Q 2 = 0 is very well determined [24] :
The Q 2 dependence of G A is well approximated by a dipole form, values of M A varies from M A ≃ 1.03 GeV (neutrino scattering) to M A ≃ 1.07 GeV (electroproduction) [2] . To represent the experimental data in a general form we consider the interval between the two functions, G 
where δ is a parameter that expresses the precision of the data, and M A− = 1.0 GeV and M A+ = 1.1 GeV are respectively the lower and upper limits for M A extracted experimentally. To avoid a strong impact from the result for Q 2 = 0 and flexibilize the fit, we choose δ ≃ 0.03, a typical relative error (error of about 3% and 10 times the relative error for Q 2 = 0). As mentioned already, the prediction of the model for the valence quark contribution is given by
is the extrapolation for the case m π = 138 MeV of the model determined by the fit to the lattice QCD data (see previous section). Since the valence quark model, extrapolated to the physical regime is expected to be a good approximation to the data only for large Q 2 (small meson cloud effects), we varied the value of Z N to see if it is possible to obtain a good description of the data in the interval Q 2 = 1.0, ..., 2.0 GeV 2 . From the best fit to the data we obtain the value of Z N = 0.7343. This result means that the meson cloud contribution for the proton charge is about 27%.
In Fig. 4 we present the bare contribution for the form factor G A (dashed-line) determined by the value Z N = 0.7343. The deviation from the empirical data G exp± A (Q 2 ), represented by the red band, from the result G B A (Q 2 ), can be interpreted as the result of the meson cloud effect. Since it is expected that the meson cloud effects are suppressed by the factor 1/Q 4 relative to that of the valence quark contributions for large Q 2 according to perturbative QCD arguments [126] , we parametrize the meson cloud contribution as
where Λ is a cutoff parameter and G
MC0 A
is the relative magnitude of the meson cloud contribution for G A (0). Note that, according to the normalization of the nucleon wave function Eq. (7.1), both the valence and the meson cloud components are multiplied by the normalization factor Z N . Therefore, for convenience the normalization factor Z N is included in the definition of G MC A . We have also tried some variations of the quadrupole expression (9.4), e.g., such as a product of dipoles, however, the quadrupole expression with Λ = Fig. 4 (solid-line) .
To finalize the study of the nucleon axial form factors in the physical regime, we represent in Fig. 5 the results for the form factor G P in comparison with the available data (Q 2 < 0. 
FIG. 5:
Physical result for G P (Q 2 ). The data are from Refs. [2, 22] . Lattice QCD data are from Ref. [81] .
m π = 213, 260, 262 MeV. Lattice QCD data for G P can also be found in Refs. [76, 78, 80, 84] . For the following discussion we recall that G P can be decomposed in the physical regime into
where G pole P is the contribution from the pion pole defined by Eq. In Fig. 5 we represent the bare contribution by the short-dashed line. The magnitude is small and negative. The sum of the pion pole term and the bare contribution is indicated by the solid line. We can see in 
Model
Ref. [86] n → p 1. to physical data. In addition we show the full result, labeled as "bare + pole + meson cloud" (long-dashed line), where we define the meson cloud contribution as
A . This procedure is equivalent to redefine the contribution from the pole contribution by the replacementG B A → G A , when no G MC P term contribution is included. In the figure we can also see that the sum of all terms "bare + pole + meson cloud" has a better agreement with the data than "bare + pole". Note also that final result (sum of all terms) agrees with both the physical data (Q 2 < 0.2 GeV 2 ) and the lattice QCD data for larger Q 2 .
Overall, we conclude that the covariant spectator quark model, once fitted to the lattice QCD data and the experimental nucleon data for G A , gives a consistent description of the lattice and physical data for the nucleon. The fit for the G A (Q 2 ) data fixes the amount of the meson cloud contribution for the physical nucleon state as 27% (Z N = 0.7324), resulting the meson cloud contribution for the axial-vector form factor at Q 2 = 0 as 0.4462 (35% of the total), and the falloff of the meson cloud component as a quadrupole with a cutoff Λ = 1.05 GeV. 
X. RESULTS FOR THE OCTET BARYON AXIAL FORM FACTORS
We present now the results for the octet baryon axial form factors. First, we discuss the results for the valence quark contributions, and compare the results with those of the lattice QCD. Next, we combine the valence quark contributions with the meson cloud contribution estimated based on an SU (6) baryon-meson model, and an SU (3) baryon-meson model defined by a fit to the data. Combining the two contributions we obtain our final predictions for the octet baryon axial-vector form factors. We finish with our predictions for the octet baryon G P form factors, based on these two models.
A note of caution is in order concerning the following results. Since the predictions of the model for the octet baryon axial form factors G A and G P are based on the calibration of the radial wave functions developed in Ref. [109] , for the study of the octet electromagnetic form factors, the quality of the results is also limited by the numerical results in that study. Therefore, we expect the results for the reactions with the nucleon, Λ and Σ to be more reliable than that with Ξ.
A. Contribution of valence quarks for GA
We start the presentation of our results for the octet baryons discussing the effect of the valence quark contributions for the form factor G A . Since we have not included the meson cloud contribution, it can be interesting to compare the results with the lattice QCD simulations first.
The comparison of our results with the lattice QCD simulations [85, 86] for the neutral current transitions (N, Σ, Ξ) are presented in Table IX . The results for the ∆I = 1 and ∆S = 1 transitions compared with Ref. [86] 0 0.5
for the octet baryon transitions with ∆S = 1 normalized to the result for the nucleon at Q 2 = 0.
are presented in Table X . To avoid any contamination from meson cloud effects, we use lattice QCD simulations with m π ≈ 500 MeV from Refs. [85, 86] for the comparison. From Tables IX and X, one can see that the results of our model are close to the estimates of the lattice QCD.
The results of our model presented in Tables IX and X are not calculated in the lattice QCD regime, as in the case of the nucleon [see Secs. IX A and IX B]. However, this is not an approximation, since, due to the constraints of the model, the transition form factors G A are independent of the masses for Q 2 = 0 (but for G P we have a correction). This interesting propriety is a consequence of the definition of the quark current at Q 2 = 0, independent of the hadron masses (m ρ and m N ), and also a consequence of the fact that the normalization of the radial wave functions is independent of the masses of the baryons (normalization defined by the wave functions at the rest frame).
We can consider a more sophisticated model where g q A (0) and g q P (0) depend on the constituent quark mass as in Ref. [102] at the expenses of an extra parameter. In that case we expect however only a small correction, as in the case of the electromagnetic transitions [102] . For the purpose of the present study, the approximation that g q A (0) and g q P (0) are independent of the constituent quark mass is sufficient.
In the calculation we use the octet baryon physical masses, M N = 0.939 GeV, M Λ = 1.116 GeV, M Σ = 1.192 GeV and M Ξ = 1.318 GeV. The values of M BB ′ are determined using these values.
Back to the discussion of the results in Table X , our calculations are compatible with the lattice results within a ± 20% deviation, with two main exceptions: the Σ − → n and Ξ − → Ξ 0 transitions. In the Σ − → n transition, the lattice value deviates also from the estimate of SU (3) baryon-meson model for the other transitions. In the case of the Ξ − → Ξ 0 transition, the model and the lattice QCD result are both small in comparison with the other transitions. Since we compare the core effects with lattice simulations with m π ≈ 500 MeV, one can regard the agreement as reasonable. Looking in more detail for the result of the nucleon, we note that the model underestimates the lattice result. However, the lattice results from Ref. [86] are larger compared with similar lattice QCD simulations, like for instance, the results of Ref. [85] presented in Table IX . When the pion mass decreases, the value of G A (0) becomes almost constant and close to the physical value, as far as the lattice volume is not too small [73, 79] . If the lattice volume becomes smaller, the lattice result for G A (0) starts to deviate from the continuous limit, and strongly underestimates the physical result [73] .
The results for the neutral transitions and ∆S = 1 transitions are presented respectively in Figs. 6 and 7 . The results are normalized by the value of G In Fig. 6 one can see that the results for Σ and Ξ are very similar. In Fig. 7 for simplicity we do not not include the line associated with Σ 0 → p, because it is almost on the top of the line for Λ → p, since the mass difference between Σ and Λ is small (about 80 MeV).
It is clear from Figs. 6 and 7 that the reactions with heavier baryons have slower falloffs with increasing Q 2 , compared to the nucleon case. That is a consequence of using the physical masses of the baryons in the calculation instead of using the one common value of the octet baryon mass suggested by the exact SU (3) symmetry, as well as a consequence of the difference in parametrizations of the radial wave functions [see Sec. VI].
It is also interesting to note that the form factors associated with heavy baryons (excluding the nucleon) have very similar falloffs for large Q 2 , although differ in the behavior in the range Q 2 = 0, ..., 0.5 GeV We present now our predictions for the octet baryon G A form factors as functions of Q 2 based on the model calibrated in the previous sections by the nucleon data.
For the later discussions, it is important to mention that the results obtained up to now within the covariant spectator quark model (valence quark contribution) for G As in the case of the nucleon, one has to correct the result from the valence quark contribution by the normalization factor due to the meson cloud. We use theñ
where Z B ′ , Z B are the normalization factors associated with the initial and final baryons. As for the meson cloud contribution, we consider two possible parametrizations that we label as SU (6) and SU ′ (3) hereafter.
We first explain the SU (6) model for the meson cloud. In the SU (6) model we assume that SU (6) symmetry holds for the valence quark component of the form factors as well as the meson cloud contribution. In this case we can write the meson cloud contribution in the form
where G MC A,N represents the parametrization of the nucleon meson cloud contribution given by Eq. (9.4) with Λ = 1.05 GeV. The coefficient η BB ′ is the factor associated with the SU (6) symmetry, the coefficient that multiplied to G in the last column of Table V. Note that as for the nucleon, we include the normalization factors associated with the octet baryon wave functions. The factor 1/Z N is introduced to remove the dependence on the nucleon's normalization in the definition of G MC A,N . Contrarily to the contribution from the valence quarks (10.1), the meson cloud contribution is independent of the baryons masses in the SU (6) model. We ignore here minor differences due to the normalization constants Z B and Z B ′ , since the corrections are of about 2-10%. This is a consequence of the SU (6) assumption, that the octet baryons have all the same mass.
Since SU (6) symmetry is not expected to work well in general for the meson cloud component of the form factors as discussed in Sec. VIII, we consider the possibility of improving the meson cloud model given by Eq. (10.2) by a direct fit to the data at Q 2 = 0. To achieve this goal, we use an alternative parametrization for the meson cloud, where the octet baryon data for G A (0) are fitted by an SU (3) model for the meson cloud component. In this model the SU (6) structure for the quark model is preserved, but the meson cloud contribution is determined by an SU (3) parametrization in terms of the two coefficients denoted by F ′ and D ′ , that replace the coefficients F and D in the SU (3) baryon-meson model discussed in Sec. VIII. We break then the SU (6) symmetry in the meson cloud component. To avoid misinterpretations, we label this model as the SU ′ (3) model for the meson cloud.
In the SU ′ (3) model we write the meson cloud contribution as
where η ′ BB ′ represents the expressions in the column labeled as SU (3) in Table V , with the replacements
From the fit to the data we obtain coefficients F ′ and D ′ . Therefore the SU ′ (3) model is the result of a fit with one parameter only.
It is worth to mention that models based on the SU (3) symmetry fits to subsets of the data were used already in the past in attempts to interpret the impact of the SU (3) symmetry breaking effect [6, 43, 63] .
The results for the octet baryon axial-vector form factors for ∆I = 1, with the exception of the nucleon discussed earlier, are presented in Fig. 8 In order to compare our results with the estimates of the SU (6) baryon-meson model discussed in Sec. VIII, which are independent of the baryon masses, we present a band (at red) given by the parametrization inspired by the fit to the nucleon data,
where M A is cutoff parameter. The band indicates a ± 10% variation from Eq. (10.4). It was suggested by Gaillard and Sauvage [6] that M A = 1.05 GeV for ∆I = 1 and M A = 1.25 GeV for ∆S = 1. Using the two different parametrizations for ∆I = 1 and ∆S = 1 we take into account in an effective way the modification due to the octet baryon mass difference in the SU (6) baryon-meson model. We realize however, that our model cannot be compared with the results of M A = 1.05 GeV for both cases, ∆S = 1 and ∆I = 1, except for the case of the nucleon, discussed in Sec. IX A. Therefore, we compare all ours estimates with M A = 1.25 GeV. At Q 2 = 0, we compare also the results with the data from Particle Data Group (PDG) [24] .
We recall that, although we present different parametrizations for the meson cloud that differ at low Q 2 , our results may be considered true predictions in the high Q 2 region, since the result is extrapolated from the model calibrated by the lattice QCD data as well as the high Q 2 data for the nucleon. In the large Q 2 region the meson cloud contributions are very small and the valence quark effects dominate.
The results of both models are close to the data, but the model SU ′ (3) gives a better description of the Σ − → n data. Larger difference between the SU (6) and the SU ′ (3) parametrizations is also observed for the reactions with small magnitude for
. This is a consequence of the large meson cloud contributions compared to those of the valence quarks. In any case, we should not expect an excellent agreement with the G A (0) data, since the SU (3) symmetry at the quark level is already broken (based on the octet baryon masses the violation is about 20%).
In the comparison with the data at Q 2 = 0 the deviation is less than five standard deviations, and better than 24% for the model SU (6) . As for the model SU ′ (3) the deviations is less than three standard deviations and better than 17%.
It is also interesting to note that the estimate of the meson cloud effects based on the SU (6) parametrization is in general larger than the estimate of the SU (6) baryon-meson model (given by the central value of the red band for Q 2 = 0), particularly for the transitions involving Ξ [see Fig. 10 ]. This happens because our model corrects the estimate made for the nucleon with the normalizations of the octet baryon wave functions according to Table IV We discuss now the results for the induced pseudoscalar form factors of the octet baryons. The case of the nucleon has already been discussed in Sec. IX B. We recall that G P has a contribution from a pseudoscalar meson pole (pion or kaon) that subsequently decays into a lepton-neutrino pair.
The reaction associated with ∆I = 1 transitions have a contribution of the pion pole (3.3), related with the u ↔ d transitions. Then, similarly to the case for the nucleon, recalling that M B ′ + M B = 2M BB ′ , we use
In the above G P and G
B
A represent now the form factors associated with the B → B ′ transition. The pole term dominates in general the ∆I = 1 transition as we will show. In addition to the pole term, there is also the contribution from the quark core due the non-zero values of the quark form factor g q A and g q P . As in the case of the nucleon, we take into account the meson cloud effect for G P replacing the contribution from G Although it may be questionable that the pole contribution for G P obtained for the ∆I = 1 transition (and for the nucleon) using PCAC in the chiral limit (m π negligible), may be generalized for the ∆S = 1 transition, as suggested in Ref. [43] , there are arguments that support this generalization. The first argument is based on the fact that lattice QCD simulations for the octet axial-vector couplings follow the generalization of the Goldberger-Treiman relation [86] , which is related with Eq. (10.6) near Q 2 = 0. The second argument is that the overall description given by our model for the G A and G P lattice data in a wide range of the pion masses (m π = 350, ..., 500 MeV), motivate also the use of Eq. (10.6) for ∆S = 1.
To obtain the "bare", "bare + pole" and total result "bare + pole + meson cloud" for ∆S = 1, we use the same procedure already discussed for ∆I = 1.
The results for the case Q 2 = 0 are presented in Table XI for the models SU (6) and SU ′ (3). The results for the nucleon, discussed in Sec. IX B, are also included for the sake of the discussion. The differences between the two models are the consequence of the difference in the meson cloud for G A (0). Note the difference of results for G pole P (0) and consequently G P (0) in the cases Ξ − → Ξ 0 and Λ → p. The effect of the kaon pole for the Λ → p transition (∆S = 1) is much smaller than the pion pole for the Ξ − → Ξ 0 transition (∆I = 1). The physical pion is closer to the chiral limit than the kaon.
Results for G P by the SU ′ (3) meson cloud model related with ∆I = 1 transitions are presented in Fig. 11 , while those related with ∆S = 1 transitions are presented in Figs. 12 and 13 . The results associated with the SU (6) meson cloud model are similar in shape, but differ in values for small Q 2 .
In Fig. 11 we can observe the dominance of the pole term for the ∆I = 1 transitions, since the values of "bare + pole" are much larger in absolute value than the values of "bare". All the results are very similar although the magnitude of the pole contribution is small for the Ξ − → Ξ 0 case, because the magnitude of G A is also small in this transition. The similarity is a consequence of the approximated SU (6) structure of G Thus, in the ∆S = 1 transitions the bare and pole contributions are comparable in magnitude, and the dominance of the pole term does not happen as in the case ∆I = 1. In Fig. 12 for the transitions Λ → p, Σ − → n and Σ 0 → p, we can observe a significant cancellation between the bare and pole contributions. The evidence of the cancellation can be observed due to the small values of "bare + pole" when compared with "bare" in absolute values. The calculation is more significant for the Σ 0 → p transition. One can see however, that when Q 2 increases the pole contribution dominates (positive values for G P or −G P according to the transition). This happens because although the bare contributions goes with 1/Q 4 as discussed in Sec. VI, while the pole goes with 1/Q 6 for very large Q 2 , the factor 1/(m The results for the transitions involving Ξ presented in Fig. 13 are very similar, apart the scale. In the case of the Ξ − → Σ 0 and Ξ 0 → Σ + transitions the similarity is a consequence of SU (3) symmetry for G A , since they differ only by the factor 1/ √ 2, and the masses are the same in both transitions. As for Ξ − → Λ, this is a consequence of the approximated SU (6) structure which implies a reduction of the pole contribution of the factor
≃ 3 compared to Ξ − → Σ 0 , neglecting the effect of the (small) mass difference between the Σ and Λ. Our result for the G P (full result) associated with Ξ 0 → Σ + transition has a magnitude similar to that of the lattice QCD results in Ref. [78] .
To finalize, it is interesting to discuss the breaking of the reaction with ∆S = 1, the magnitude of the G pole P (0) changes drastically from the ∆I = 1 to ∆S = 1 cases. From Table XI we can conclude that the ratio between the pole terms for the nucleon and Ξ 0 → Σ + is about 6.7, which is essentially the result of the combination of the baryon and meson masses,
2, where M BB ′ is the average mass of the initial and final baryons in the Ξ transitions. The value 7.2 has to be corrected by a factor 7% due to the difference in the values of G A (0) which correspond to the deviation from the SU (6) baryon-meson model. We can conclude then, that the pole term (pion or kaon) breaks the SU (3) symmetry for G P , but that the magnitude of the breaking is mainly a consequence of the ratio
XI. SUMMARY AND CONCLUSIONS
Weak interaction axial form factors of the octet baryons have been studied extensively based on a large numbers of theoretical frameworks. However, such studies have mostly been restricted to the axial charges and proprieties at Q 2 = 0. In this work we use the covariant spectator quark model to probe the weak interaction axial structure of the octet baryons and take advantage of the covariance to make predictions on the Q 2 dependence of the axial form factors G A (Q 2 ) and G P (Q 2 ), for all the octet baryon weak interaction axial transitions.
In the covariant spectator quark model the quarks have their own structure characterized by the electromagnetic and axial form factors, that can be used to calculate electromagnetic and weak interaction transition form factors between baryons. The model has been successfully used in the past for the studies of several electromagnetic transitions between baryons, including in particular the electromagnetic structure of the nucleon, the octet and decuplet baryons, and other reactions. In the future the present approach can be applied for the weak interaction vector transition form factors, replacing the quark axial current j µ Aq by the quark electromagnetic-vector current. Similar calculations were already performed for the octet baryon electromagnetic form factors using an Sstate model [106, 109, 111, 112] , except that it is necessary now to consider also charged currents.
To study the weak interaction axial structure of the octet baryons the covariant spectator quark model is first calibrated by the lattice QCD and the physical data for nucleon. After that, the model is extended for the octet baryons using the SU F (3) (flavor) symmetry. The SU F (3) symmetry breaking effects are taken into account by the octet baryon masses and the shape of the radial wave functions, determined in previous works by the study of the electromagnetic properties in the context of the covariant spectator quark model. For simplicity we neglected the difference in the masses of the initial and the final baryons. The axial form factors are then calculated in the relativistic impulse approximation in terms of the covariant wave functions of the octet baryons and the quark axial current, defined by the quark axial form factors g q A (Q 2 ) and g q P (Q 2 ). The wave functions of the octet baryons are determined by a dominant S-state component defined in previous works, and a P -state is introduced in this work, in order to better describe the axial-vector form factors of the octet baryons. The addition of the extra P -state was suggested by some studies based on the quark degrees of freedom.
The calibration of the present model is done as follows: the quark form factor g q A (Q 2 ) is assumed to have the same form as that of the quark electromagnetic isovector form factor f 1− (Q 2 ), and the quark form factor g q P (Q 2 ) has a form analogous to the Pauli form factors of the quarks, motivated by vector meson dominance with two adjustable parameters. The unknown parameters of the model are, the P -state mixture coefficient, and the parameters of the g q P (Q 2 ) function, and they are determined by a fit to the nucleon axial form factor data in the lattice QCD regime. In this regime the contamination of the form factors due to the meson cloud is significantly suppressed and the physics associated with the valence quarks can be estimated more accurately.
The results obtained for the octet baryon G A form factors are consistent with the nonrelativistic SU (6) quark models in the equal mass case (M B = M ) when the Pstate component is dropped (n P = 0). In addition, the model at Q 2 = 0 has the same structure of an SU (6) quark model or an SU (6) baryon-meson model, even when the P -state is included.
We conclude that the axial form factors of the nucleon, both G A and G P , can be very well explained in the lattice regime of our constituent quark model with a P -state mixture of about 26%. Once the parameters of the model are fixed, the results can be extrapolated to the physical regime and used to calculate the contributions of the valence quarks for the nucleon axial form factors. As in previous works on the nucleon axial-vector form factor, we conclude also that only the effects of the valence quarks underestimate the G A data in the physical regime. Under the assumption that the missing part is due to the meson cloud component in the physical nucleon state, we used the model, which is well calibrated in the high Q 2 region, to estimate the size of the meson cloud contribution in the physical nucleon state. The results obtained for the nucleon are in agreement with the experimental data for G A and G P , when the fraction of the meson cloud in the nucleon wave function is about 27%. With the use of the lattice QCD and physical data for the axial form factors, we obtain in principle a better constraint for the magnitude of the meson cloud than when we use only the constraint of the nucleon electromagnetic form factor data.
Using the SU F (3) symmetry at the quark level we generalize the model for the octet baryons, and predict all the axial form factors of the octet baryons. It is expected that the present estimates is accurate for Q 2 > 1 GeV 2 (large Q 2 regime) except for a small correction due to the normalization factor of baryon the wave functions, that result from the meson cloud component. The corrections are estimated based on the relation for the meson cloud in the nucleon wave function and the other members of the octet baryon wave functions. As for the low Q 2 regime (Q 2 < 1 GeV 2 ), the estimates based exclusively on the valence quark degrees of freedom are expected to fail. We provide however, effective descriptions for the region Q 2 < 1 GeV 2 , based on simple parametrizations for the meson cloud contributions constrained by SU (3) and/or SU (6) symmetries. Those parametrizations can be useful in the future for the studies associated with the properties of octet baryons. The meson cloud model labeled as SU ′ (3), gives the best description of the data within an deviation of three standard deviations.
We conclude in general, that the naive SU (6) baryonmeson model is expected to fail at large Q 2 for the ∆I = 1 transitions. In this case the falloff observed for the nucleon given by the cutoff parameter M A ≃ 1.05 GeV in the dipole parametrization, should be replace by a value near 1.25 GeV. As for the transitions ∆S = 1, although dependent on the transitions, are consistent with the estimate M A ≃ 1.25 GeV, proposed long time ago [6] . Predictions for the induced pseudoscalar form factors are also presented in this work based on the contribution of the meson pole (pion for ∆I = 1 and kaon for ∆S = 1 transitions), complemented by a contribution from the bare core. The bare contribution used in this work is derived from the quark substructure of the baryons, and it is calibrated using lattice QCD data. As far as the authors are aware, this is the first time that the G P form factors with finite Q 2 are estimated using the results from lattice QCD as input.
To summarize, we present the result of a phenomenological fit with some constraints based on a constituent quark model combined with a parametrization of meson cloud effects for the octet baryon weak interaction form factors G A (Q 2 ) and G P (Q 2 ). The model presented is covariant and can therefore be used for the studies of the reactions at large Q 2 . The predictions of the model, in particular the falloff of the G A (Q 2 ), can be tested in the near future by lattice QCD simulations, or hopefully by upcoming experiments.
We discuss here how we calculate the factors associated with radial wave functions using the symmetries of the functions.
First, we present identities that can be used in the calculation of transitions between the states of the same mass. Next, we discuss the angular integration that can be used to simplify the calculations for the nucleon, including the terms associated with the same state (S or P ) as well as the terms associated with the S and P mixture (different states). Finally, we explain how the procedure can be extended for transitions between the different baryon states which requires also different parametrizations between the initial and the final states.
Integral identities
The following relations are valid under the integration symbol when the radial wave functions of the initial and final state are defined for the states with the same mass:
where √ P ′2 = M (1 + τ ) and S 1 = 
Angular integration -nucleon case
The expression for the transition currents depends on a few covariant integrals. The integrals are by definition frame independent, however, the symmetries of the radial wave functions are better understood by fixing a frame. We consider in particular the Breit frame. In the Breit frame P ′ = (M √ 1 + τ , 0, 0, 0) and q = (0, 0, 0, Q). In this reference frame we can represent the initial radial wave function ψ i (P − , k) as a function of ω − = P+·k M = a + bk z and the final radial wave function ψ f (P + , k) as a function of ω + = P+·k M = a − bk z . Here a and b are functions of k and independent of the angles.
2 When the initial and the final states are the same (i = f ) as in the case of the transition between S states or P states, we can conclude right away that the product of the wave functions becomes
where F is an implicit function of |k|, and z = k z /|k| represents cos θ (θ, the angle between k and the z-axis).
Since the integration range in z is bounded by the −1 and +1, one can conclude that k k z ψ i (P + , k)ψ i (P − , k) = 0.
2 The explicit expressions are
In the Breit frame a = √ 1 + τ E D and b = Q 2M
. Therefore, the terms proportional to k z vanishes in the integration. The same happens trivially for the terms proportional to k x or k y . In the case of the transition between the S and the P states one can have terms in ψ P (P + , k)ψ S (P − , k) = F (z), and ψ S (P + , k)ψ P (P − , k) = F (−z), where the argument z changes sign from the S → P to the P → S cases. In this case we have to combine the contributions from the both processes which can take the form t 1 F (z)+t 2 F (−z), where t 1 , t 2 are independent of z. We note that one can change −z → z in the second term, under the integration symbol, since 
Therefore, the terms in k z vanishes also in the integral appearing in the S − P transition,
and the same holds for the change of the initial and final state interchange, i ↔ f .
Angular integration -octet case
The calculation of integrals associated with the transitions between the different states, which involves different parametrizations of the radial wave functions, can be reduced to the case discussed in the previous section for the nucleon, provided that the radial wave functions are associated with the same mass.
In the equal mass case the discussion associated with the S-and P -states can be generalized for radial wave functions with different parametrizations for the initial and final states. The key point again is that we can re-write the factors associated with the radial wave functions in terms of the ω + and ω − as already discussed.
